This presentation accounts for established functions of stringer spacing of major Nigerian woods when used as bridge decks. It entails stochastic evaluation of bridge wood decks with absolute regards to the spacing of supporting stringers. A timber bridge deck is modelled on timber stringers in accordance with current specifications as outline in AASHTO LRFD (2010), to represent real life experiment in order to depict the structural behaviour of Nigerian timbers when used for bridge decks. This model is then subjected to some degree of entropy using Advance Second Moment Reliability Assessment (ASMRA) method, which is subsequently analysed using JAVA library with the help of Flanagan polynomial. The concept of ASMRA with Flanagan polynomial returns optimum output values for any input array of data along the input normal distribution curve. Taking Lophira alata (EKKI), Afzelia bipindensis (APA),Chlorophora exceisa (IROKO) and Mitragyna ciliate (ABURA) to represent N1, N2, N3, and N4 classes of Nigerian timber suitable for bridge decks, convincingly, it was established that, stringer spacing, strength classes, timber thicknesses and width are some of the major factors among others influencing the structural behaviour of Nigerian timber species used for bridge decks. These data are treated as random variables to generate relative optimum values which, are used to predict the relationship between stringer spacing as a dependent variable on other variables using Analysis of Variance (ANOVA) and multiple Regression line analysis. For the considered timber species, it was observed that large percentages, (R 2 ≌ 1 that is 100% for EKKI, APA, IROKO and ABURA of the variation in the dependent variable (stringer spacing) is explained by the independent variables (strength classes, timber thicknesses, timber width, plank deck unit weight, unit weight of surfacing material, lane load, thickness of surfacing material and reliability indices) which are all good fit. Also all the predicted regression lines are reliable and statistically significant as the significance F, (3.59709E-05 for EKKI, 5.58768E-05 for APA, 3.59709E-05 for IROKO and 8.55563E-05 for ABURA) are all less than 0.05. Thus, these established relationships will help in future forecast of stringer spacing for bridge deck design and analysis within acceptable structural reliability indices which are statistically significant (and are all within acceptable values ≤0.05).
INTRODUCTION
The need for local content in the construction of engineering infrastructure is now a serious engineering challenge in Nigeria. This is because vast quantities of local raw materials, which must be processed and used for cost effective constructions abound. Construction activities based on these locally available raw materials are major steps towards industrialization and economic independence for developing countries [1] . Wood is one of the naturally occurring raw materials which abound in Nigeria and it had been put to use as a building material for construction since prehistoric times. It is available in large quantities in the forested parts of the country [2] .It has been described [3] that timber is a low density, cellular, polymeric composite which does not fall into any one class of materials; rather it tends to overlap a number of classes and as a result of its high strength performance and low cost, timber was found to be the world most successful fibre composite. Thus with critical analysis of our environment and careful exploration of the structural properties of timber, one can adequately establish and design an environmentally friendly structure which is cost effective. Reinforced concrete and steel which have edged out timber as a construction component for bridges was reported [4] as not being an everlasting material they were assumed to be. This is because many countries have experienced serious problems with concrete bridges built that are between forty and fifty years old. This was backed with the assertions stated in VERMONT [5] local road fact sheet. It was clearly stated in this local fact sheet that, properly treated, timber is stable and durable under the most severe weather and site conditions, which is one of its attractive performance features for bridges as it is completely resistant to the de-icing salts, decay and insect attacks. It had also been noticed [4] , that deicing salts have caused significant and surprisingly rapid deterioration of both steel and concrete bridges and components. Also, when a larger structural timber is exposed to fire, there is some delay in failure as it chars and eventually flames. Treated timber bridge decks can be built in days and not weeks, because materials are low energy certified, reusable and renewable, where components are shop manufactured under controlled conditions to maintain quality [6] . Due to the current dispensation and increased challenges in global development in all sectors of the economy, there exist these motives to build bridges faster that will last longer, for less money and with aesthetics appeal which have led to the quest for the perfect bridge material [7] . Considering above mention advantages of timber, the specific objectives of this work are; to establish an adequate Probability Density Functions (PDF) to represent the possible variability associated with timber bridge deck, study the combined effect of these variables on the performance function of timber bridge deck based on the PDF considering some selected Nigeria timber (that is Lophira alata (EKKI), Afzelia bipindensis (APA), Chlorophora exceisa (IROKO) and Mitragyna ciliate (ABURA)), to predict a simple linear formulation for supporting stringers spacing when this selected timbers are used for bridge deck within a specific safety index and to add value to our locally available and affordable structural material thereby increasing the local content of the construction industry in Nigeria, resulting in less dependence on foreign materials.
BACKGROUND OF STUDY
Currently, the use of timber as a bridge deck or bridge component has not been a common practice in Africa, although there are a few physical examples associated with scarce historical documentation in the forested areas of the country and Africa [7] . This study of using timber for bridges brings to focus current reasoning and the integration of advanced technologies to suit the available climatic, natural and human resources to solve the problem of transportation, by making cheaper, better and more reliable structural systems in highways [8] . The use of this renewable composite and light weight natural resource as bridge decks, will not only be a new strategy for development in the third world and tropics but also as a sustainable development which will help to overcome the exclusion of timber technology in modern time, thereby strengthening its inclusion through research and practical applications [7] .
Structural reliability and probabilistic methods have continued to develop a growing importance in modern structural engineering practice especially when it involves naturally occurring materials such as timber [9] . They are currently used in the development of new generation design codes, evaluation of existing structures and probability risk assessment [10] . The primary goal of engineered construction is to produce a structure that optimally combines safety, economy, function and aesthetics. One of the objectives for structural design is to fulfill certain performance criteria related to safety and serviceability [11] . One such performance criterion is usually formulated as a limit state that is a mathematical description of the limit between performance and non-performance. Parameters used to describe limit states are loads, strength and stiffness parameters, dimensions and geometrical imperfections. Since the parameters are random variables, the outcome of a design in relation to limit state is associated with uncertainty [10] . The main issue is to establish design methods which can facilitate easy design procedure ensuring that the relevant performance criteria are met with a certain desired level of confidence or reliability. That means that the risk of non-performance should be sufficiently low. The question of reliability is especially complicated for timber because of the large natural variability of the material [10] . A significant element of uncertainty is also introduced through lack of information about the actual physical variability; the variability of strength between elements is significantly larger than for steel or reinforced concrete members [11] . It is in this regard that this study establishes possible relationship between stringers spacing and other factors influencing the performance function of a bridge decks. This will aid easy analysis and prediction of stringer spacing provided that all other factors are known with respect to a specific reliability index. This will help in assessing the possibility of employing Nigerian timber species as innovative, sustainable and cost-effective materials for bridge decks and also provide easy assessment of Nigerian timber for rehabilitating abandoned bridges in order to open up old roads in urban and rural areas so as to promote interest in the use of wood as a competitive bridge construction material by adding value to the use of local resources for the bridge construction industries.
MATERIALS AND METHODS
The concept of Advance Second Moment Reliability Assessment (ASMRA) method, ANOVA analysis, and multiple Regression line analysis are used herein to evaluate the structural safety of some Nigerian timber species for bridge decks and also to predict a linear relationship between spacing of supporting stringers and other factors influencing the structural behaviour of timber bridge decks.ASMRA is a full probability approach to structural assessment which gives a deterministic result and save parameters considering all the possible variability in structural assessment [12] . The load, material and geometrical properties of a structure which determine the performance function of the system are treated as random quantities with assumed practical probability distributions. This approach was employ because, there is need for a fully probabilistic approach to the safety assessment of structural timber decks, due to many factors, such as climate, material composition and degradation of structural timber, occurrence of natural disasters and impacts of man-made technology which control the existence of human beings and the quality of the surrounding environment of bridge decks [13] . Many of these quantities cannot be represented adequately by deterministic values or relationships, thus, the variability in these quantities need be included in models of both nature and the built environment [13, 14] . With adequate Probability Density Functions (PDF) to represent the possible variability of each individual random variable, the combined effect of these variables on the performance function of a bridge can be used to study the safety or possibility inherent with using specific ranges of stringers spacing of Nigerian timbers for bridge decks. The reliability which can be seen as the detection of rare physical events such as failures, which usually occur with low probability, play key roles in the probabilistic safety assessment of engineering structures [15] .
Plank Deck Structural Design Model
A typical plank or timber deck consists of planks placed on stringers as shown in the details according to Nowak and Saraf [16] and Owoeye and Abejide [7] . There are two categories of plank decks depending on the direction of planks versus the direction of traffic: transverse deck and longitudinal decks. For a typical transverse plank deck the span of the deck is perpendicular to the direction of traffic. A longitudinal plank deck is placed parallel to the direction of traffic. It is assumed that stringers have an adequate load carrying capacity and that they provide a sufficient support for planks. With reference to the American code, AASHTO LRFD (2010) [17] for design of highway bridges, the basis of load resistance factor design (LRFD) methodology as given in Article 1.3.2-1 of ASSHTO LRFD (2010) [17] is
For plank decks, the dead load moment shall include the weight of all components of the structure, [17] , therefore, for strength level I where basic load combination relating to the normal vehicular use of the bridge without wind can be written as
Considering all variables in relation to equation [2] , the performance function for safety evaluation plank deck as earlier given by Owoeye and Abejide [7] is written below; ) 0. 0.15 5 0.1 5 0. 1 5{ ) } ) Equation (3) is for plank decks under flexure, where the depth of the flexural component does not exceed its width, or where lateral movement of the compression zone is prevented and where points of bearing have lateral support to prevent rotation [7] . As a result of this, the structural performance of the plank deck is determined by loads and resistances [18, 19] . Table 1 gives the detail of material quality for the timber species proposed for bridge decks. Note that μ is the mean of the variable data and σ the standard deviation of the variables Table 2 shows the stochastic and other suggested parameters for the timber materials evaluation. 
Data Source

ANALYSIS AND RESULTS
General Structural Reliability Assessment
The general structural reliability assessment of using four Nigerian timbers (namely EKKI, APA, IROKO and ABURA) for bridge deck was assessed in relation to Equation (3) by ASMRA method using JAVA library with the help of Flanagan polynomial. However, due to the load, material and geometrical properties of the structure which determine the performance function and complexity of the system, an expert knowledge was incorporate where possible. Michael Thomas Flanagan's Java Scientific Library [20] class of real complex polynomial was use to represent equation (3) and the results obtained are displayed in Table 3 . It is observed from Table 3 that the major factors, which influence the performance functions of planks for bridge decks are the grade stress, plank thickness and stringers spacing among other factors which include but not limited to plank width, unit weight of plank deck, unit weight of surfacing material, lane load, depth of surfacing, width of tire contact area. The concept of ASMRA method returns corresponding optimum combination of data values with associated reliability indices. Thus, assuming the spacing of supporting stringers depend mainly on other factors influencing the behaviour of timber bridge decks, a linear relationship predicting stringer spacing can be establish with the help of ANOVA analysis and multiple regression line analysis. Given, below are the corresponding ANOVA and regression summary output of analysis for the considered Nigerian timber species from which a linear relationship is established for stringers spacing as a function of strength classes, timber thickness, timber widths, plank decks unit weight, unit weight of surfacing material, lane load, thickness of surfacing material and reliability indices. It can be deduced from Table 6 for the residual output for Ekki, that when EKKI timber is used as the decking material for bridge decks, the linear relationship between supporting stringers spacing as a function of strength classes, timber thicknesses, timber width, plank deck unit weight, unit weight of surfacing material, lane load, thickness of surfacing material and associated reliability index is given as I Equation (4 It can also be deduced from Table 10 for the residual output for Apa, that when APA timber is used as the decking material for bridge decks, the linear relationship between supporting stringer spacing as a function of strength classes, timber thicknesses, timber width, plank deck unit weight, unit weight of surfacing material, lane load, thickness of surfacing material and associated reliability index is given as Equation (5) Also it can be deduced from Table 14 for the residual output for Iroko, that when IROKO timber is use as the decking material for bridge decks, the linear relationship between supporting stringer spacing as a function of strength classes, timber thicknesses, timber width, plank deck unit weight, unit weight of surfacing material, lane load, thickness of surfacing material and associated reliability index is given as in Equation (6) Furthermore, from results displayed in Table 18 for the residual output for Abura, that when ABURA timber is used as the decking material for bridge decks, the linear relationship between supporting stringers spacing as a function of strength classes, timber thickness, timber widths, plank deck unit weight, unit weight of surfacing materials, lane load, thickness of surfacing materials and associated reliability indices is given in Equation (7) 
SUMMARY AND CONCLUSION
The aim of this study is to predict a simple linear formulation for supporting stringers spacing when Nigerian timbers are used as bridge decks materials. These simplified formulations will help ease the analysis and design of timber bridge decks. It can be observed from the general analysis (Table 2 ) that the behaviour of timber bridge decking depend to a large extent on the strength classes among other factors. Thus, each and every timber will be specific in behaviour which also extends to the spacing of supporting stringers it can accommodate under a particular load and condition. Considering EKKI, APA, IROKO and ABURA to represent N1, N2, N3, and N4 classes of Nigerian timber suitable for bridge decks, convincingly, it has been established that, stringers spacing, strength classes, timber thicknesses and widths are some of the major factors among others influencing the structural behaviour of Nigerian timber species used for bridge decks. These data treated as random variables to generate relative optimum values at iteration was used to predict the relationship between stringers spacing as a dependent variable on other variables using Analysis Of Variance (ANOVA) and multiple regression line analysis. For the considered timber species, it was observed that large percentages 1 100 an ) of the variation in the dependent variable (stringers spacing) is explained by the independent variables (strength classes, timber thicknesses, timber widths, plank deck unit weight, unit weight of surfacing materials, lane load, thicknesses of surfacing materials and reliability indices), which are all good fit. Also all the predicted regression lines are reliable and statistically significant as the significance F (3.59709E-05 for EKKI, 5.58768E-05 for APA, 3.59709E05 for IROKO and 8.55563E-05 for ABURA) are all less than 0.05. Thus, these established relationships will help in future forecast of stringers spacing for bridge decks design and analysis within acceptable reliability indices, which are statistically significant an all are within acceptable values ≤ 0.05). Thus, this will enhance the use of Nigerian timber species as innovative, sustainable and costeffective materials for bridge decks, while promoting interests in the use of wood as a competitive bridge construction material by adding value to the use of local resources, and establishing a means of overcoming exclusion, while also strengthening the inclusion of the use of timber in bridge construction industries.
